Partition coefficients: The estimation of fluid compositions from trace element concentrations in carbonate minerals is dependent on the choice of partition co-efficients and these remain strongly debated [e.g., (S6-S8) and references therein]. There remain large discrepancies between empirical, experimental and theoretical models of element partitioning.
Trace elements that cause least strain to a crystal lattice due to their size and charge are more easily accommodated in the mineral. The dominant controls on Mg and Sr incorporation into abiogenic carbonate are temperature and mineralogy; the Sr 2+ ion is preferentially incorporated into aragonite, whereas the smaller Mg 2+ ion is more easily accommodated in the smaller Ca 2+ site of calcite. Coggon et al. (S2) , provided a brief review of calcite and aragonite Sr and Mg partition co-efficients, and selected the temperature (T; in Kelvin) dependent partition coefficients that were determined theoretically for Mg and Sr incorporation into calcite (cc) [Eqs. 2 and 3; (S9)] and from seawater precipitation experiments for Sr incorporation into aragonite (arag) [Eq. 4; (S10) 
We do not calculate fluid Mg/Ca ratios for aragonite veins because abiotic aragonite incorporates only very low concentrations of Mg and consequently Mg-partitioning is poorly constrained.
We continue to prefer these partition co-efficients because the fluids calculated for the active Juan de Fuca Ridge system (S2) are a good empirical match for the near basement pore fluids measured for those sites (S5), and the temperature trends displayed project back to modern values of 87 Sr/ 86 Sr, Sr/Ca and Mg/Ca (S2). Additionally fluid compositions calculated separately for calcite and aragonite formed at the same temperature are similar giving cause for confidence. Other partition co-efficients are less able to deal with both high-Mg and low-Mg calcite and lead to an over estimation the Sr/Ca ratio of the Juan de Fuca basement fluids and modern seawater compared to in situ measurements [e.g., (S6) ]. We present all analytical data in these Supplementary On-line Materials so that fluid trends can be re-calculated as knowledge of carbonate partition co-efficients improves.
collectively record the temperature-dependent geochemical evolution of the basement fluid. We therefore reconstruct past seawater compositions using the analyses of CCVs from a warm ridge flank as follows.
(i) The basement fluid 87 Sr/ 86 Sr, Sr/Ca and Mg/Ca ratios recorded by the CCVs are first plotted against temperature, such that fluid evolution trends can be established by linear regression. The fluid composition-temperature trends are of the form: Y = AT + B (5) where Y is the fluid composition (e.g., 87 Sr/ 86 Sr, Sr/Ca or Mg/Ca), T is the temperature (in °C), and A and B are constants.
(ii) The 87 Sr/ 86 Sr, Sr/Ca and Mg/Ca of the seawater from which the basement fluids evolved are determined from the fluid evolution trends (Table S3 ) by extrapolating them back to the temperature of contemporaneous seawater (Fig. S1a) .
(iii) The age of the CCVs is determined from the extrapolated seawater 87 Sr/ 86 Sr ratio and the marine Sr-isotope curve. Fig.1 and displays the effect of choosing an experimentally determined partition co-efficient for calcite (S6) on the estimation of seawater Sr/Ca. Although selecting this factor moves the absolute value of the estimated seawater Sr/Ca to a higher value it does not change the overall pattern of our results. To account for uncertainties in calcite partition co-efficients our seawater Sr/Ca records presented in Figs. 2 and 3 are averages of calculations following theoretical (S9) and experimental (S6) approaches with a conservative estimate of error.
In addition to CCV analyses, this approach requires paleo-seawater records of δ 18 O (for calculation of fluid temperatures from CCV δ 18 O), temperature (to which basement fluid evolution trends are extrapolated to determine the composition of contemporaneous seawater), and 87 Sr/ 86 Sr (for determination of the CCV's ages). The paleo-seawater records used here are described below.
Seawater oxygen isotope record: The O-isotopic composition of seawater (δ 18 O SW ) has varied with time as a result of preferential incorporation of 18 O into ice sheets. The fractionation of O isotopes during incorporation into the tests of foraminifera is temperature dependent, hence the benthic foraminiferal δ 18 O record reflects changes in both the global ice volume and deep-sea temperature (S11). Assuming the oceans were no cooler than 1°C during the Cretaceous and Palaeocene, when the oceans were ice free, benthic foraminiferal O-isotope compositions indicate δ 18 O SW was approximately -1‰ (S12). δ 18 O SW subsequent to the development of ice sheets during the Eocene was calculated from the benthic foraminiferal δ 18 O record using temperatures independently determined from foraminifera by Mg/Ca thermometry (S13). Results indicate that waxing and waning of the ice sheets resulted in cyclic variations in δ 18 O SW with an amplitude of 0.1 to 0.4 ‰ and periodicity of < 5 My superimposed on the increase in δ 18 O SW from ice free conditions (-1 ‰) to 0 ‰ in the modern oceans. However, for the purposes of this study we use a simplified seawater oxygen isotope record, taking δ 18 O SW to be 0, -0.5, and -1 for CCVs from basement of <20 Ma, respectively Seawater temperature record: A general cooling of the deep oceans by ~12 °C over the past 50 My has been identified, on the basis of benthic foraminifera Mg/Ca thermometry (S13). The benthic foraminiferal δ 18 O record of the ice-free oceans corresponds to deep-sea temperatures ranging from 6 to 12 °C between 70 and 50 Ma (S11), and as warm as 15-20 °C during some intervals of the middle to Late Cretaceous (S14). For the purposes of this investigation we assume deep-sea temperatures of 2 ± 2 °C and 10 ± 2 °C between 0-50 Ma and 50-200 Ma, respectively. The CCVs help constrain the maximum temperature of the seawater entering the crust, as the basement fluid cannot be cooler than the seawater. Consequently, using our simplified deep-sea temperature history, we extrapolate fluid composition-temperature trends recorded by a suite of carbonate veins to whichever is cooler: deep-sea temperature when the host-basement formed, or the lowest vein formation temperature. The maximum error in the deep-sea temperature we use for each site is determined from the coolest temperature recorded by the CCVs and by assuming a minimum seawater temperature limit of 0 °C since 170 Ma (Fig. S1 ).
Seawater 87 Sr/ 86 Sr record. We determine the age of the CCVs from the seawater Sr isotopic compositions that they record, using the well-established marine Sr-isotope record (S15), with host basement age providing a maximum age constraint. Unfortunately the marine 87 Sr/ 86 Sr curve is not monotonic in the intervals 30 to 70 Ma and 80 to 180 Ma. Consequently the curve yields multiple possible age ranges for the CCVs from Sites 801, 843 and 1149. However, for each of these sites the oldest possible age range includes the age of the host basement, indicating that the CCVs precipitated within a few million years of crustal formation. We therefore use the oldest possible age range for each site. If in fact the CCVs precipitated during any of the other possible intervals the conclusions of our paper would be unchanged, with Cretaceous seawater Mg/Ca and Sr/Ca lower than at present.
CCV record of past seawater Mg/Ca and Sr/Ca
The past seawater compositions determined from CCVs are summarised in Table S4 . Carbonate veins from ODP Sites 504/896 (6.9 Ma) do not conform to the criteria for determining past seawater compositions from CCVs from either a 'cool' or a 'warm' ridge flank, having neither precipitated solely from cold fluids, nor do they record linear trends in fluid chemistry with temperature, and are therefore not used to estimate past seawater compositions.
The propagated errors in the past seawater compositions determined from CCVs (Table S4 ) combine the standard error of seawater compositions predicted from the fluid evolution trends and the estimated error in the seawater temperatures to which the trends were extrapolated. However, the maximum range of possible past seawater 87 Sr/ 86 Sr, Sr/Ca and Mg/Ca ratios are given by extrapolation to minimum and maximum seawater temperatures of 0 °C and the coolest CCV temperature, respectively (Fig. S1b) . Fig. S1 . Fig. 1 . Use of the Malone and Baker (S6) calcite partition co-efficients yield similar trends for Sr/Ca versus temperature although for each site these project back to higher values at bottom seawater temperatures. This approach over estimates the Sr/Ca ratio of modern seawater using the JdFR CCVs. To account for partition co-efficient uncertainties we use both methods to calculate seawater composition for each site and take the average. +/-1 mmol/mol is a conservative estimate of the error resulting from this combined approach. O CCV ) and strontium isotopic compositions and Sr and Mg concentrations (data sources for each site are given in Table S2 ). msb = meters sub-basement, A = aragonite, C = calcite. Fluid temperatures (T fluid ) are calculated from the oxygen isotopic compositions of the CCVs and contemporaneous seawater (assuming δ 18 O SW to be 0, -0.5, and -1 for CCVs from basement of <20 Ma, 20-50 Ma and 50-200 Ma, respectively) following (S4). Fluid Sr/Ca and Mg/Ca ratios are calculated from CCV Sr/Ca and Mg/Ca ratios using appropriate partition coefficients, K D Sr-Ca and K D Mg-Ca (S9, S10). Sr-temperature trend for this site, indicating precipitation at a different time; not used to determine composition of past seawater. f. Vein precipitated in lava erupted 13 My off-axis. g. 87 Sr/ 86 Sr not determined; CCV not used to determine composition of past seawater.
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h. Vein precipitated above temperature at which geochemical fluid evolution is non-linear with temperature; not used to determine composition of past seawater. i. Vein precipitated in sill from fluid that had conductively cooled by ~10 °C prior to mineralization (S2). j.
87 Sr/ 86 Sr age-corrected to 108 Ma. 
